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Introduction
\ fo)

Why is a preventive maintenance program important to me?

A preventive maintenance program can prevent problems by helpimgaiatainyour system properly.

Knowing the ongoing needs of your system and taking action to meet those needbavite public

health protect n , i mprove your systemdébs reliability, and 1
system.

How will this preventive maintenance program guide help me?

This guide provides a schedule of routine operation and maintenance (O&M) tasks for small drinking
water systems using groundwater supply. This guide will help you complet&Symall Water System
Management Progra@®@WSMP). The SWSMB aplanning toolto helpsmall systemschieve and
maintain technical, managerial, and financial capacity and to ethsiréney cacomgy with drinking
water regulationsThe Small Water System Management Program Gui{@31-134) will show you how

to incorporateecommended security measures into routine O&M activities, which should link to your
emergency response plangineeds. For guidance on emergency response plannirgmnsegency
Response Planning Guide for Public Drinking Water Syste(881-211).

How is this guide organized?
This guidehas four major sectionsWe designectach sectiorto guide you through develom a
preventive maintenance program for your water system.

1. Recommended Preventive MaintenanceA narrative of daily, weekly, monthly, and annual
operation and maintenan@@&M) tasks.

2. RecommendedWebsites and Publications Resourceso help you find morénformation or
detailedguidance.

3. Troubleshooting Guides Guidanceto help youtroubleshoot problems with your water system.
We organizedt by water system componestiit is easier to find troubleshooting guidance for a
specific component.

4. Recommended Opration and Maintenance SchedulesNe organizedhe O&M sectiorby
water system component so you can post the schedules where you tterasdesyou need to
do. We didnotdefineall tasks in the checklist because they areesgifanatory.

How can | customize these tools for my system?

Based on your systemdés requirements and state reg
logs from this guide to meet your preventive maintenance program needs. Maintain a log of all preventive
maintenanceampleted on your water systelhis also important to documeguantitative

measurementsuch as water levels, pressure readings, and so on. Photographs with adequate field notes

or videotage with audio explanatiosan be valuable tosl
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We cannot oveemphasize the importance afdpingrecords and documenting maintenance activities
Consistent forms and checklists hedgensure thayou inspect and evaluatiee same points each time.
Organize and store records so they are readily accessible tothatifyour water system is performing
maintenanceéasksandoperational surveillanggroperly. Simplavaysto organize your records include
filing cabinets or card index files.

Who can help me develop a preventive maintenance program for my system?

Additional assistance and guidance are available from many soOwaggionaloffices can help you
develop schedules for monitoring and reporti@thertechnical assistance providers may be able to
provide training and information.

For more information:

Contact our regional office:

Northwest RegionKent 2533956750
Southwest RegignTumwater 360-236-3030
Eastern RegiarSpokane Valley 5093292100
HeadquartersTumwater 360-236-3100
Toll-free within Washington 800-521-0323
After-Hours Emergency 877-481-4901

Visit us online atttp://www.doh.wa.gov/ehp/dw/default.htm

Rural Community Assistance Corporation (RCAC)
http://www.rcac.og/people/fdstaff.html#Washington

Evergreen Rural Water of Washington (ERWoW)
800-272-5981 or 3604629287
http://www.erwow.org/

Note: This guide does not take the place of a complete operation and maintenancggm. For
specific guidance on your s ymsobiterimpasd reporting ent sour ce
requirements please refer to your water quality monitoring repan contactour regional office.
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Recommended preventive
= P

\ maintenance
\ >

Daily

Weekly

Monthly

Quarterly

Biannually

Annually

As needed
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Daily
W\ 2

Read source water meter and record water production. You should have a working, properly
calibrated master water metgreach source of supgly accuratelymeasure and record productidiake
routine sourcewater meter readings and record them in aTagcalculate the amount of water used
during a period, usually daily or weekly, subtract the previous meter reading from the current meter
reading.You canusedata onyour watersystend water useéhroughout the year to evaluate source
capacity, water rights, unusually high or low flows, excessive leakage, reduced pump output,
unauthorized water usand the adequacy of the treatment system capacity.

Measure and record chlorine residuals. The tretment objective foaddingchlorinedetermines the
frequency of free chlorine residual samplargd the requiredhlorinelevel.

1 Chlorination for groundwater source treatment (CT6 or 4-log virus disinfection)
Somegroundwatesuppliesrequiredisinfecion because of concerns over source water quality.
For supplies where sampling deteckectoliin the untreated well waterpy must monitor and
record the free chlorine residual every calendar day (no excepfamspurcesieemed at high
risk for conamination, such as shallow wells in hydraulic connection to surface water and wells
with an unprotected sanitary control argaumust monitor and record free chlorine residatal
least five daysweek. You must perform this monitoringtath e f proti myt 0 otf o et he
distribution system, which is usually at or before the first customer connection downstream of the
source We will specify thefrequency of monitoring and thminimum residual concentration
requiredat the point of entrat the time of approvand may subsequently revise these
requirementsYou mustuse a digital colorimeter when you perform free chlorine residual
monitoring for groundwater sourte2atment because the devisenuchmoreaccurae than
other methods

9 Chlorination for maintaining distribution system water quality
Somegroundwatesuppliesrequiredisinfecion because ofvater qualityproblemsn the
distributionsystem Applying chlorine at the sourcetise best way to ensure a consistent and
reliable level of chlorine in thdistribution systemif you disinfect your groundwater supply to
maintain satisfactory water quality in the distribution systgen must monitor and record free
chlorine residuaht least five days a week, and maintain a detectable level of free chlorine
residual in the distribution system of at least 0.2 milligrams per liter (mg/L)

We recommend that you use a digital colorimeter when you perfesrchlorine residual
monitoringin the distribution systerbecause the deviie more accurate than othmethods.
However, you mayseadiethylp-phenylenediamine (DPD) free chlorine residual tesfoki
monitoringif thekit reads from Qo 3.5 parts per million (ppm) of free chlorine with a smallest
reading increment of 0.1 ppm or mglWater systems mayot use chlorine test strips to measure
chlorine residual.

1 Other treatment objectives
Some drinking water suppli@squirechlorine to support a treatment objectotberthan
disinfection (iron removafor examplg. If you add chlorine only to supportm@n-disinfection
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treatment objective, we may specify that residual sampling in the distribution system is not
required.

Inspect chlorinators for proper operation. Make sure thehemical feed pumjs notair locked and
the chemical feed suction line istrplugged.Refill the chlorine solution tankas neededJse proper
personal protective gear when handling chemitided improperly, water treatmerttesmicals may be
harmful to human health. Make Material Safety Data Sheets available to ensure pagjgand personal
protection

Conduct security checks. You should inspectaurce pumping and storage facilities daily to ensure
theycontinue tgorovide adequate protection against vandalism and unauthorizedUsergpropriate
fencing, locks, and ld@d well covers to protect the facilities from stray livestock and tampd&tosi.
warningsigns to deter trespassing. Warning signs should indicate a building and phone number for
reporting incidents. Inspect fencing and gates for damage and needesl @paok hatches, locks,

doors, windows, and vents for signs of intrusion or vandalism. Check all security lighting and alarms to
ensure proper operatioklake sureall well caps, seals, and vents are intact and sdélgall suspect any
tamperingimmedatelycontact local law enforcement aadr regional office

Check and record water levels in storage tanks. You should check the water level in each
atmospheristorage tanlandthe pressurén your pressure tank system each ttagnsure tank levels are
within normal operatingange.Check for evidence of overflow, erosion under the splash pad, warning
lights, wet ground, and so on.tifereis evidence ofyour reservoioverflowing,your pump controls may
bemalfunctioningl f t h e t a n k Goamallopematng coridisonshthereanay be a problem with
your source of supplgr water level controls.

Inspect wellheads. Wellheadcovers or sealskeepcontaminated water and other mateoiat ofthe

well. Visually inspect all well covers and pumptbrms. They should be elevated above the adjacent
finished ground level, sloped to drain away from the well casing, and free of cracks or excessive weatr.
Below gradewellheads can become flooded seasonally or after severe wéikek for and remove

any potential microbiological or chemical contaminant threats from within 100 feet of thd~aell

example, damagedeetrical conduits caropena pathway for contaminants to enter the well casing.

Record well pump run times and pump cycle starts. If available,you should us¢he pump run

hour meters and cycle counters on the control panel to record the running times and number of cycle starts
for your well and booster pumpsou should takehesereadings about the same tiexerydayand

record them ira daily well pump logComparing daily numbers will alert you to potential puonp

pressure tangroblemslf a pumpcycleson-off more thart times an hourit may indicate dladder

failure in a bladder tantr afiwaterlogged condition ina hydropneumtic tank High frequency pump
cyclingwears outhe pump motorswitchesandcontrols Many water systems use a pump alternator or
lead/lag pump controller¥.ou can usehte pumprun hour meter and pump cycle counter to verify these
control systems are wking properly.

Check for leaks and fix them immediately. Excess moisture in a well house or pump house can
lead to premature failure of electrical control systems and create unsafe conditions for opéxatoys.
leak you see as soon as possible.

Make sure the heating and cooling systems are working. You should check heaters daily
throughout the winter to ensure they work properly. Make sure wiring and heaters are above floor level
and not placed where water leakage could cause a safety hazardiraraktetage, or short any
breakersCheck ventilation and cooling systems during the hottest portion of the year to be sure there is
proper ventilation in the pump hougextremely high temperatures may damage electric motors.
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= Weekly
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Check and record water levels in hydropneumatic pressure tanks. Pressure tanks come in all
shapes and sizes. Maintaining pressure in these tanks is important for maintaining adequate pressure to
the consumers. Hydropneumatic tanks can overfill, or waterlog, at diffeeting overall system

pressure. Monitoring pressure daglpan operatoidentify leaks, open valvesand even well pump

problems. Hydropneumatic tanks should have a sight tube installgal carvisually check the water

level in the tank. Ofterconcensation that forms where water cools the natahe lower portion of the

tank makeshe water level obviou&’ou can also detechis temperature difference by touch.

Record the pumping rate for each well or source water pump. Record the pumping rateoim

your well or source water pumps. You can do this if your system has a meter that registers flow. A change
in pumping rate can indicate a pump probl&amemberpumping rates will vary based ¢mewater

level in the well. For example, the pump produtess when the well draadown from the static water

level to the deepest pumping level or the pump is pumping agdiigt head

Inspect booster pump stations. Check on the condition of the pumps, such as vibration, heat, seal,
and controls to ensuthat booster pumps are operating propergke @rewhen checking how hot a

pump or motor may béf you have two or more booster pumpss pump operating timeshould be

roughly equalYou can accomplisthts automaticallywith a leadlag controller, oby manually

switching the lead pumpn a set schedul€heck and record meter readings and pressure gauge readings
on suction and discharge sides of pumps.

Check water pressure in each well house and each pump house. Check the system pressure

in the wellhouse andny placeyou have boostggumps. You shouldhave accurate gauges to monitor the
performance of a pressurized water system. Pressure gauges should be on the suction and discharge lines
of pumps. Pressure tanks should have pressure gaugesdisctisge lines. You should check the

gauges regularly and replace if damaged.
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= Monthly
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Inspect well pumps, motors, and controls. System operators should always be on the lookout for

any defects in the system. Look, listen, and feel for unusgfatissisounds, or vibrations. Make sprenp

seals are intact and the system is not running hot. Check all timers to ensure that pump operating times are
equalizedOperate theantrolsmanually to verify that they are working. When you shut down or tdrn of
equipment for repairs, make surevib nstaitt up accidentally and cause injudpserve the function of

each control valve and pressure swjtch

Take appropriate monthly water quality samples. You must take aterquality samples routinely
accordng to state requirement¥.ou must usepproved procedurds take sampleand submit them to a
certified laboratory for analysi$Ve can give you an annual schedule for your required sampling. Use
state forms and procedures, as required, and use a montiplyngplog to record all water sampling you
conduct each montlven wheryou arerequired to sample facontaminanguarterly or annually, you
should still record the montfou tookthe sampleKeep records of all water quality tests for your own
use ando respond to customer inquirid% find out how long you must keep thater quality sampling
results, se€hapter 24290480 WAC Contactour regional office if you have questions about your
water quality monitoring report.

Check sump pumps, and well and pump house flood prevention or detection systems.

Largeleaks inawell or pump room can damage motors and other equipment and create unsafe conditions
for operators. Leakayalso open pathways for contaminants to enter the water supply. @mgsknp

pumps for proper operatipandersure proper operation of any internal |eltection system

Read customers’ meters. If your customers have meters, you should read them monthly or with your
billing cycle, total them, and compare thenytursystend s mast er met er

Read electric meter at pump house and record. Monitor and note any unusual or unexpected
changes in electricity use over time. | f pumping
use, track water production and compare ienergy use. In the winter, you will also need to consider

energy use for heating. High meter readingsinditate that your booster or well pumps are working

harder to perform thejobs. If so, thatould mean maintenanéerequirednow, or at least@on

Submit chlorination reports. Chlorination Reports are dae the Office of Drinking Wateby the
tenth of the following monthf you have been monitoring chlorine residuals but héwsant the reports
to us please send a copy of all reports far turrent yeaif you dorit have achlorinationmonthly
reporting form, contact our regional office

Maintain a30 to 60day supply of chlorineRotate stock to reduce decomposition and formation of
unwanted byproducts, such as chlodtehlorate. Sodim hypochlorite will lose strength over time. It

will also lose strength when exposed to high temperatures or sunlight. For example, the rateéistrength
lost doubles with every 5° C rise in temperature. Strong light, especially direct sunlight, causes sod
hypochlorite to break dowistronger solutions can also lose their strefiggter than weak solutions. For
example, a 1percentsolution stored under cool, dark conditions might lose@rtentstrength over a
week, whilein sunlightit could drop fom 15percento 12percenin one day. Because of this, you

should always store your stock in containers with tiiglstunder cool, dark conditions. You should also
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consider the costs of ordering and storing large amounts of stock aermadierone to two-month
supply Rememberwhenyour stock loses strengiih storage, yoliose money.
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Quarterly
\2>

Make sure fire hydrants are accessible. Fire hydrants provide water feighting firesand a means

to flush the system. The hydrants should &&yao get to and highly visible. This includes removing
showdriftsduring the winter, tall grass or weeds during the summer, and painting the hydrants a highly
visible color. Hydrants should be color coded according to available fire flows. During ingpéet sure

to check for tampering or vandalism. Record your findingslagbook You should develop ingbook

to document your findings and standardize way you chectheseitems

Clean pump house and grounds. Keeping youmpump housand grounds elan will help with
overallsystemmaintenance and operatidhdirt gets into lubricantst can reducehte useful life of
bearingsDirt and moisturalsowill form an insulating coating on motor windings and can cause motors
to burn out. In addition toleaning, screen all drain and vent openings in the buildikgapanimals and
insectsout Duringthe summey mow the areas around themp housend storage tanks. Make sure
grounds maintenance addresses fire hydrant accessibility. You should dewelekiyacleanliness log

card to record your inspections.

Inspect and clean chlorine solution feed lines and solution tanks. To ensure your chlorine
feed system functions properly, inspect the limeslogs or kinks andmake sure the solution tanks are
clean. Regular cleaning of the chlorine feed systems will help prevent many breakdowns in this
equipment. Inert solids will build up sediment on the bottom of the solution tank and can dtwaf the
valve or damage the chlorinator.

Calibrate chlorinators. At least every three months, and particularly after the chlorinators have been
overhauled, the pumps should becadibrated to ensure they deliver tiight amount of chlorine solution

to the system. Measure the amount of solution the pwuitijlraws overa given time period, record this
value and speed/stroke length settings, and compare this rate with the desired feed rate. Refer to the
manufacturerdés instructions to adjust the feed
stroke settings atiyne you makea change.

Inspect and test standby power generation systems. You should test your emergency power
generators and switchover controls periodicallgrisure thewre inproperoperating condition.

Followthema n u f a ankintgnanceécenmendations. You should keep written records of the
checks, operational tests, and maintenance perfoffhednanufacturemayrecommenddsting more
frequently than once every three months.

Inspect storage tanks for sanitary deficiencies. You should inspet storageanks to ensure they
protect drinking watefrom contaminationBe sure to document the inspection, including photographs
that will be useful for the next routine sanitary sur@leck vent screens for any openings to prevent
small animals, bat birds insects debris, dustor organic matter from entering the tank. Check overflows
for tight-closingflap valves oiintactscreens. Check the condition of the storage tank and look for cracks,
structural damage, leaks, corrosion, and cathodicgirote Check the condition of the access hatcler

seal.
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Biannually
\2>

Exercise half of all mainline valves. It is important to exercise all mainline valves in the system at
least once a year to ensure you can locate thernariolm thatyou canopenandclosethemduringan
emergencyhutdown You should exercise hadif the mainline valves ithe spring and the rest in the fall.
Record the number and direction of turns to closure. Be sure to describe the condition (rusted, new,
leaking, failing)of each valve in the appropriate column ilogbook You should develop a map that
identifies the valves and their locations. Keep this information in a secure place. It is important to be able
to isolate the system or sections of the sysi@arsure taschedule ay failures for repair. You should

develop forms to track the valve inspections and repairs or to note any scheduled repairs.

Evaluate the water turnover of the stored water. Storage facilities should provide adequate water
turnover and routinglfluctuate the water level in the tankariousfactors influence what the water

turnover goal should be, including source water quality, disinfection, water use, fire flow, tank design,

and so on. Some experts recommend a #to-é@e-day water turnovemodified as needed. Water

systems with extreme seasonal variations in total water use have additional challenges to adapt operations
to maintain good quality water.

Operate all valves inside the well house, treatment plant, and pump house. You should

routinely inspect and exercis# galves in a systenThe frequency of inspection depends on the type of
valve, but you should inspect the valves at least twice a year. The inspection should include completely
closing, reopening, and-atosing the valve uil it seats properly. Record the number and direction of
turns to closureBe sure to scheduleadkingor damaged valves for repair. Uskbgbookto track
inspectionsUpdate helog card routinely throughout the year.

Check pressure relief valves. All pressure tanks in public water systems must have an American
Society of Mechanical Engineers (ASME) certified pressure relief valve (PRV) to protect them for
overpressure conditions. Approved PRVs have tags indicating the ASME status angolecalsuseto
verify function. Use caution and follothema nu f act ur e Fd@ soreinfoorateon, see e s .
Pressure Relief Valves on Pressure Tan(881-429).

Check and record static and pumping levels of each well. This importantask will determine
the relialility of the aquifer andstablistbaseline information that can be useful if others tap into the
aquifer or take actions that will affect it, such as gravel mining. The static levelhisitbelevel in a well
when the pump is off. The pumping levelh® twatellevel while the pump is operating. You can check
these levels by using bubbler lines, electrical sensors, or manual dropY imeshould measure the
pumping level at various stages of pumpiagd duringooth thelow demand and high demand tineds
the yearYou should also measure the recharge tintgch isthe time it takeshe water level in the well
to return tathe static level.You must disinfect and handle aljuipment in a way to prevent
contamination of the well. You should develogatis and pumping levébgbook

Inspect chemical safety equipment and repair or replace as needed. Review the use of all

safety equipment and update safety traiinge each year. You should check and test the chemical

safety equipment at least oncelegeartoensuré t i s oper abl e. Foll ow the
on the proper upkeep of all safety equipment, including portable ventilators or respirators, safety
harnesses or belts, goggles, gloves, hard hats, and protective clgthurghouldalso followthe
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manuf act ur e wbes calibrating detection devices for hazardous gases. Repair or replace all
equipment as needed. Review all safety procedures. You should develop bghfetito record
routine safety maintenance.
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Annually
\2>

Flush the distribution system and exercise and check fire hydrant valves. You should flush

the entire system in one direction, outward from plant or storage facility, at least once a year, depending
on the quality of your source wat&ystems wi excessive iron or manganese that do not treat to remove
these minerals may need to flush as often as monthly. Flushing clears any sediment in the lines. During
the flushing, check the operation of the fire hydrant valves and observe the color of th€wratiaue

flushing until the water is cleawhen operating a dlgarrel hydrant, you mustoseit completely so that

the drain willopencompletely Otherwise, wateremainingin the hydrantcould freeze and damage the
hydrant Make sure that any opdrydrants are flushing away from private propedge alogbookto

track whenyou completedlushing.

Conduct a water audit and leak detection program. You should determinevaterlossby

comparing water productiaecordsto water useWa t e r | avays a physicabldak imthe system. It
canresult frommain breaksinaccurate or broken metetiseft, and errors in the billingystem
Undetected water main | eaks create conditions tha

reliable drinkingwater at risk. Leak detection can be a continuing challenge that strains the expertise and
financial resources of a water system. A system may choose to purchase detection equipment and train
staff to check for leaks, or they may hire an outside firm tiopa leak detection surveys for them.

Some systems use a combination of internal checks and contr&atingore informationsee ouWater

Use Efficiency Guidebook331-375).

Prepare system for winter operations. This includes checking all exposediféies such as pumps,
valves, and pipedMake sure all exposed facilities ansulatedoroperly, the heaters in the treatment
plant andpump houseare operable and in good safe working condition, and vents are.cddsedrain

fire hydrants and sprimdr systemstop off all propane or fuel tanks used for heatinggbenp housgand
lower the water level ithe storage tank just slightl€irculating more of your water in storage facilities
helps to prevent freezinyou may postponehts task until Otmber or November based on local weather
conditions Be sureto decommissiomnnecessary equipmemtoperly For more information,ee Start-

up and Shutdown Assistance for Seasonal Noncommunity Water Syst(38%314).

Check aesthetic water quality in storage tanks. Identify aesthetic problems that may be

associated with inadequate storage facility design, construotiaperationObjectionable taste and

odor may indicate poor water turnover promoting growth of taste and odor producing microorganisms.
Improperly cured coating materials will result in unpleasant taste and odor in the stored water. Sediment
build-up, especially from excessive iron or manganese, will harbor and provide nutrients for biofilm
forming bacteriaRegular maintenance and thogbucleaning to reduce sediments will improve water
guality. Stagnant water in an aboveground storage tank will tend towards the ambient temperature
Warmer water in the summer and fall months will increase biological growth leading to water quality
problens. Water will also stratify in the tank further reducing turnover.

Perform preventive maintenance on well house, treatment plant and pump house
buildings. You should paintdcility piping, buildings, and tanks regularly to prevent deteriorattore
all pipes, plumbing fittings, chemicals, tools, and other materials in a safe @lexek vell house
ventilation to ensure there are no blockages and that fans are opesyi#et for excessive rusho
exposed metalropressure tanks, pipes, valves, colstrandfansthatmay be caused by corrosive
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chlorine vapors and poor ventilatiddeep pitting in pressure tank walls can compromisettetural
integrity of the vesselrou can check the all thickness with ultrasonic testing devices.

Inspect, clean, and repair control panels in well house. You should inspectie control panels in
thepump housand treatment plant at least once a year for corrosion and other problems that could cause
shorts or failuresClean ontrol panels carefully with aiRepairthe panels if needed.

Overhaul chlorinators, including O-rings, check valves, and diaphragms. You should

overhaul chemical feed pumps completely at least once a year. The overhaul should include cleaning the
feeder head, cleaning and checking all vabwad Grings for wear, and cleaning and checking the

condition of check valves and pump control valves. Replace anyoubiparts, including diaphragms.

Keep spare parts drand,so you can repair breakdowns quickly and replace worn parts yaloen
disassemle the feeder for cleaning. You should keep a chemical feed pump repair and spare parts kit in
the treatment buildindrecalibrate the chlorinateto ensure they deliver the appropriate amount of

chlorine solution to the system.

Review your emergency response plan. Review all contacts for accuracy, make sure all equipment
is working, and ensure all procedures match the plamditions,as they presently exis€ontact your
local emergency response agency to update contacts, new processes, or chemioakis.

Review your water facilities inventory. Reviewyour water facilities inventory and update
information as needed. Especially important is the contact information (name, addnesls dayand
night phone numbeysnumber of people served, nuenlwf connections served, and actuapliace
pumping capacity and type of treatment applied at each of your sources.

Review your coliform monitoring plan. Reviewyour coliform monitoring plan and update as
neededFor guidance on preparing your colifomonitoring plan, seBreparation of a Coliform
Monitoring Plan for Group A Public Water Systen(831-036) andPreparation of a Coliform
Monitoring Plan for the Small Norrommunity Water Syster(831-240).

Check instrumentation for proper signal input/output. Make sure each instrument is working
properly Make a log for each piece of equipment to record readResord the manufacturer
specifications and notes on the log to make equipment information easily accessible.

Test each alarm. Make sure eachlarmsystemis working properly.

Maintain air compressors. Systems often uséra&ompressors with water level controls to maintain

the proper air/water balance in hydropneumatic tah@snaintain airflow, you must keep thie mtake

filters clean Replace ad thoroughly cleanidy clogged filters Moisture traps built into the
filter/regulatorkeepmoisture and dirt particlesut ofthe pressure tankollowthemanuf act ur er 6s
instructionswhen cleaning and replacing air filters, and checking moisture tfapsmust cover élt-

driven air compressors with safety guatdeprotected beltsan causeesious injuies Check air

compressors and motors for any signs of malfunc¥on should investigatenusual noises, vibrations,

odors, and heat generationmedately; theycan indicate mechanical problenY®u should evaluate
compressors that do not reach preset tank pred3eagings on most air compressors nieguication

You must usdood-gradeoils and lubricants to prevent contamination ofwater in he pressure tank.
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As needed
\ fo)

Perform storage tank maintenance. Maintenance activities include cleaning, painting, and repairing
structures. State drinking water rules require adherence to American Water Works Association (AWWA)
Standards, Nation&8anitation Foundation (NSF), and American National Standards (ANSI) for
disinfection procedures and approval of coatings.

Inspect storage tanks for defects. Systems neetb conductoth interiorand exterior inspections to
ensure maintenance of physiaategrity, security, and high water quality. The type and frequency of the
inspection depends on the type of tank, its susceptibility to vandalism, age, condition, and time since last
cleaning or maintenance, history of water quality, plus other locatieriExterior inspections for

obvious signs of intrusion or vandalism might occur daily or weekly. Periodic inspections of the storage
tank for cracks, structural damage, integrity of hatches and vents, leaks, corrosion, and cathodic
protection might ocaumonthly or quarterlyYou should conduct a comprehensive inspection of the

interior whenever you drain the tank for cleaning. Industry standards recommend a comprehensive
inspection of tank inside and oud every five years, except for newly constructaakis. You should

inspect a new tank within 10 years of service and every five years thereafter.

Clean storage tanks. Thoroughly clean tanks after any construction, maintenancepairs.Use a
high-pressure water jet, sweep, scrub, or other methodsdn wall and floor surfaces thoroughly. You
should flush all water and dirt from the tank. There are several Avéppkoved ways to disinfect a
storage tank aftgrou take itout of service for cleaning, inspection, or repditsre isthe simplestway:.

AWWA Standard C-652 Chlorination Method 3. Broomclean the bottom of the tank. Then
begin to add potable water until the tank is about 5 percenhiext, add the appropriate quantity of
chlorine directly into this water. The amount of chlorine you addishresult in a free chlorine
residual between 2.5 and 3.0 parts per million when the tank is completely full. If yoegutsr
householdahlorine bleack6 percentchlorine by weight)add 1 gallon for every 20,000 gallons of
tank capacity. Contact ouegional office if you are unsure how much chlorine and what type of
chlorine to add to your tank.

After adding chlorine, fill the remaining 95 percent of the tank with potable water and wait 24 hours.
At the end of 24 hours, measure the free chloriselval of the water inside the tank. If the water in

the tank has a free chlorine residual of at least 2 parts per million, then collect a coliform sample from
the tank. If the coliform sample is satisfactory, then you may place the reservoir directigtback

service If the coliform sample shows the presence of coliform, contact your regional office for
instruction on further disinfection and testing.

When you plan to take a tank out of service for cleaning and disinfection, be sure to make provisions
to maintain an adequate water supply and adequate water pressure in the distribution system at all
times.You may need to coordinate this with your local fire protection authdirigpu are unsure

how to provide service while the tank is-tiffe, contacbur regional office for technical assistance

I f you candét or dondét want to take,ypushbouldt ank out
consider the cost and availability of using certified divers trained to inspect and clean a drinking
water aink while the tank remains in service.
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Contact an electrician to check running amps on well pumps. A change in running amps can
indicate a change in the condition of the motors or pumps. When pumps start drawing more amps, it
generally means you shouldoggr the motors. Checking the amps and voltage on pumps can be
complicated and dangerou®o not attempt it yourself. Contact an electrician to complete this
procedurePerformthis task at least once a year and any time you sense a problem with yousgpcimp,
as unusual sounds, vibrations, or the pump is running hot.

Pressure tank supports. You must supportpessure tanks to prevent tipping or falling
Hydropneumatic tanks tend to be large and very heavy when filled with, 8apgrorts must be sturdy

and maintained in good conditioBtacked blocks or boards can fail during an earthquaksduate the
structural condition of the supports and level of the seismic protection pro@desult a qualified

authority if you are unsuré&ailure will result inextensive damage to any facilities near the pressure tank
Water leaks will damage more equipment.

Purchase a backup chlorinator. We highlyrecommendhat youhave a spare chlorinator on hand for
emergencies wherepairs arémpossible and disruption tervice isunacceptableOther approachemay
offer a similar level of reliability.

Maintain a log of water line repairs. You shoulddocument repair®o the water distribution line
especiallyrepairclamps placed owater linesTheseclampsare not longermor permanent repairsp
identifying the date and location of such repairs is very important in planning for future pipeline
replacementA thorough record of line replacemeitn alsdelpto identify areas of the distribution
systemmore prone todilure due to ageipe material, soil conditionsjbration, or other causes.

Maintain physical protection of wellheads. Protect the wellhead from vehicular damage by
installing barriersVehiclescan severely damage vulnerablellheadspotentially puting the continued
operation of the system at risk.

Overhaul control valves. Pressure reducing valves, pump control valves, and surge anticipation
valves require periodic maintenance for proper functiamnigctory-certified technician normallgloes
thiswork.
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= Recommended websites and
\\ 7> publications

Websites
Department of Health Office of Drinking Watettp://www.doh.wa.gov/ehp/dw

U.S. Environmental Protection Agency (EPB)oundwaterand Drinking Water
http://www.epa.gov/safewater/

EPA Small Systems Information and Guidahttg://www.epa.gov/safewater/smallsys/ssinfo.htm
U.S. EPA Publicationsearchhttp://www.epa.gov/epahome/pubsearch.html

National Drinking Water Clearing Hou$étp://www.nesc.wvu.edu/ndwc/

American Water Works Associatidmtp://www.awwa.org/

Publications
You can access the following ODW and EPA publications through our publications database at
http://dohwa.govbdwpubs
Pub. number | Title Publisher
331-036 Preparation of aColiform Monitoring Planfor Group APublic Water ODW
Systems
331-123 WaterSystem Design Manual OoDW
331-134 SmallWater System Management Programidau OoDbwW
331-211 Emergencyesponse planning guide for public drinking water systef Oobw
331-240 Preparation (_)f aColiform Monitoring Plarfor theSmall ODW
Noncommunity Water System
331-259 Nitrate Public Health Advisory Paek (Bluefolder) ODW
331-260 Coliform Public Health Advisory PackéRedfolder) ODW
331-314 StartUp andShutDown Assistanctr Seasonal Noncommunity Wat ODW
Systems
331-317 Emergencylrinking water sources ODW
331-327 Waterrates: Paying fodrinking water ODW
331-375 Wate Use Efficiency Guidebook obw
331-380 Hydropneumatic Tanks obw
331-429 PressureRelief Valves on Pressure Tanks ODW
816-R-03-002 | CrossConnection Control Manual EPA
816-R-03-015 | Strategicplanning: Ahandbook for small water systems EPA
816-R-03-016 | Assetmanagement: Avandbook for small water systems EPA
816-R-05-006 | Settingsmall drinking water system rates for a sustainable future EPA
817-R-05-001 Drinking water security for small systems serving 3,300 or fewer EPA
persms
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Troubleshooting Guides

W3
Groundwater sources
Submersible well pump systems
Pressure tanks
Storage facilities
Hypochlorination problems
Distribution systems
Cross connections
Sampling and monitoring

Preventive maintenance program Page 17
Guide for small public water systems using groundwater



Troubleshooting guide for groundwater sources

Well pump won't start.

Circuit breaker or overload relay tripped.

Reset breaker or manual overload relay.

Burned out fuse.

Check for cause and correct, replace fuse(s).

No power to switch box.

Check incoming power supply. Contact power company.

Short, broken or loose wire.

Check for shorts and correct, tighten terminals, replace
broken wires.

Low voltage.

Check incoming line voltage. Contact power company if
low.

Defective motor.

Contact electrical contractor.

Defective pressure switch.

Check voltage of incoming electric supply with pressure
switch closed. Contact power company if voltage low.
Perform maintenance on switch if voltage normal.

Well pump won'’t shut off.

Defective pressure switch.

Check switch for proper operation. Replace switch.

Cut-off pressure setting too high.

Adjust setting.

Float switch or pressure transducer not
functioning.

Check and replace components or cable as needed.

Well pump starts and stops too frequently
(excessive cycle rate).

Pressure switch settings too close.

Adjust settings.

Pump foot valve leaking.

Check for backflow. Contact well contractor.

Waterlogged hydropneumatic tank.

Check air volume. Add air if needed. If persistent, check air
compressor, relief valve, air lines, and connections. Repair
as needed.

Sand sediment in the water.

Problems with well screen or gravel envelope.

Contact well contractor.

Well pump operates with reduced flow.

Valve on discharge partially closed or line
clogged.

Open the valve and unclog the discharge line.

Well is over-pumped.

Check static water level and compare to past readings. If
significantly lower, notify well contractor.

Well screen clogged.

Contact well contractor.
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Troubleshooting guide for groundwater sources (Cont.)

Well house flooded without recent
precipitation.

Check valve not operating properly.

Repair or replace check valve.

Leakage occurring in discharge piping or
valves.

Inspect and repair or replace as necessary.

Red or black water complaints.

Water contains excessive iron (red brown) or
manganese (black water).

Test for iron and manganese at well. If levels exceed 0.3
mg/L iron or 0.005 mg/L manganese, contact our regional
office, your technical assistance provider or water treatment
contractor.

Complainant’s hot water needs maintenance.

Check hot water heater and flush if needed.

Raw water appears turbid or a light tan
color following rainfall.

Surface water entering or influencing well.

Check well for openings that allow surface water to enter.
Check area for sinkholes, fractures, or other physical
evidence of surface water intrusion. Check water turbidity.
Contact our regional office if >0.5 NTU. Check raw water for
coliform bacteria. Contact our regional office immediately if
positive.

Coliform tests are positive.

Recent flooding, recent well or well pump
maintenance, or loss of power.

Contact our regional office immediately.

Sanitary protection of well has been breached
or wellhead is observed to be damaged

Contact our regional office immediately.

Preventive maintenance program
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Troubleshooting guide for submersible well pump systems

Pump won't start.

No power to switch box.

Check the position of the main electrical disconnect arm
(main switch) to ensure it is in the up (energized) position. If
main power supply interrupted, you should start the
auxiliary power system (generator).

Circuit breaker or overload relay tripped.

Reset breaker or overload relay. If pump does not start,
start motor by turning the Hand/Off/Automatic (HOA) Switch
to the HAND (manual) position for about 2 to 5 minutes (do
not over pressurize the distribution system). If motor runs,
return the HOA switch to the AUTO position. If motor does
not run, see other probable causes below.

Fuses burned out.

Check for cause and replace fuses with correct type and
size fuses. Make sure to pull down (de-energize) the main
electrical disconnect arm (main switch) before opening the
panel and replacing the fuses.

Defective pressure switch or automatic control
system.

Turn the HOA Switch to the HAND (manual) position for a
short period. If pump starts, the problem is in the automatic
control system. Contact electrician experienced with
industrial controls to repair automatic control system. Pump
can be operated in manual position to supply water;
however, the operator must monitor the discharge pressure
(pressure on the distribution system) to ensure it doesn'’t
exceed normal working pressure.

All of the above checked and pump won'’t run.

Contact electrician experienced with industrial controls.

Pump won'’t shut off.

Defective pressure switch or automatic control
system. The pressure switch may need
adjustment or replacement.

Turn the HOA Switch to the OFF position. If pump stops,
the problem is in the automatic control system. Contact
electrician experienced with industrial controls to repair
automatic control system. Pump can be operated in manual
position to supply water; however, the operator must
monitor the discharge pressure (pressure on the distribution
system) to ensure it doesn’t exceed normal working
pressure or drop below normal minimum working pressure.
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Pump starts too frequently.

Leaking foot valve or check valve.

During the OFF cycle, listen for water running back into the
well and check the water flow meter to see if it is running
backward. If there is a swing-type check valve in the
discharge pipe in the well station it may be stuck in the
open position. With the well pump running (on), try
manually lifting and lowering the operating arm on the
check valve. With the well pump off, slowly and gently push
the operating arm to the closed position. If the problem
persists, contact well service company.

Water logged hydropneumatic tank.

See Simple control systems: Hydropneumatic tanks
(331-380).

Defective pressure switch or automatic control
system. High- or low-pressure cutoff switches

may need adjustment.

Contact electrician experienced with industrial controls.

Fuses blow, circuit breaker or overload
relays trip when pump is in operation.

Insufficient discharge head causing a high
amperage (electrical current) draw.

Check water flow meter to see if the discharge rate is much
higher than normal and the discharge pressure gauge to
see if the pressure is lower than normal. If so, the water
system could be out of water (no pressure) or there could
be a very large leak in discharge line or in the distribution
system. At the well station, with the pump running, try
throttling back on the discharge gate valve until the
pressure reached the normal operating pressure. DO NOT
close the valve completely or operate the pump for an
extended period time against a throttled valve. Immediately
notify your supervisor.

Incorrect voltage, excessive heat in control
panel, motor overloaded, incorrect fuses,
breakers, or overload relays.

Contact electrician experienced with industrial controls.

Pump won't deliver normal amount of
water.

Discharge valve partially closed.

Fully open discharge valve and see if pump rate increases.
Make sure pump does not break suction.

Pump breaking suction, water level in well
near or below pump intake. Air may be
present in water drawn from sample tap.

Partially throttle discharge valve. The discharge rate may
actually decrease, but the water level in the well should rise
and the pump should no longer break suction. Contact well
service company.

Pump worn, hydraulic problems, intake
plugging.

Contact well service company.

Preventive maintenance program
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Sand in the water.

Problems with well screen or gravel envelope.

Partially throttle discharge valve until sand reduces or
disappears. Contact well service company.

Air in the water.

If there is a check valve between the well
pump and the hydropneumatic tank, and air is
present on the well side of the check valve,
then the pump may be breaking suction. In
this case the water level in well is near or
below the pump intake.

Partially throttle discharge valve. Contact well service
company.

If there is a check valve between the well
pump and the hydropneumatic tank—and air
is present only on the hydropneumatic tank
side of the check valve and in the distribution
system—then air from hydropneumatic tank
may be entering water.

See troubleshooting guide for Hydropneumatic Tanks.

Auxiliary power system (generator) won’t
activate during loss of power supply.

Automatic transfer switch (ATS) is not
functioning.

Manually start the auxiliary power system.

No fuel.

Check fuel and add if necessary.

Dead battery.

Jump-start or charge battery.

Mechanical problem with engine/generator.

Contact auxiliary power system service company.
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Troubleshooting guide for pressure tanks

Well pump won't start.

Circuit breaker or overload relay tripped.

Reset breaker or manual overload relay.

Fuse burned out.

Check for cause and correct, replace fuse(s).

No power to switch box.

Check incoming power supply. Contact power company.

Short, broken, or loose wire.

Check for shorts and correct, tighten terminals, replace
broken wires.

Low voltage.

Check incoming line voltage. Contact power company if
low.

Failed motor.

Contact electrical contractor.

Defective pressure switch.

Check voltage of incoming electric supply with pressure
switch closed. Contact power company if voltage low.
Perform maintenance on switch if voltage normal.

Well pump won'’t shut off.

Defective pressure switch.

Refer to troubleshooting guide on Pumps and Pumping
Facilities. Note: If the water supply pump runs constantly,
excessive pressure can develop in the hydropneumatic tank
and distribution system. The tank should be equipped with
a pressure-relief valve that opens at about 100 psi. This
may protect the tank from damage but could damage the
distribution system if pressure exceeds normal working
pressures. Contact an electrician experienced with
industrial controls.

Cut-off pressure setting too high.

Same as above.

Float switch or pressure transducer not
functioning.

Same as above.

Well pump starts and stops too frequently
(excessive cycle rate).

Leaking foot valve or check valve.

Contact well specialist.

Defective pressure switch or automatic control
system. High- or low-pressure cutoff switches
may need adjustment.

Contact well specialist or electrician.
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Excessive water use or major leak in water
distribution system.

Locate and repair leak.

Waterlogged hydropneumatic tank.

Check air-to-water ratio from sight tube (if provided). If
water completely fills the tube or the water level exceeds |
of the tank volume, you will have to introduce air into the
tank. Check tank and air system for leaks. The optimum air-
to-water ratio in the hydropneumatic tank should be | water
to M air at the “pump off” level. If the problem persists or
there is no sight tube, contact a water system specialist.

Air-logged hydropneumatic tank.

Check air-to-water ratio from sight tube (if provided). If air
completely fills the tube or the water level is less than % the
tank volume at the “pump off” level, you will have to bleed
air from the tank. The optimum air-to-water ratio should be

| water to m air. If the problem persists or there is no sight
tube, contact a water system specialist.

Sand or sediment in the water.

Problems with well screen or gravel envelope.

Contact well contractor.

There is iron or manganese in the well water:
If you don’t remove it before it reaches the
hydropneumatic tank and the air in the
hydropneumatic tank comes into direct
contact with the water in the tank, the iron and
manganese could oxidize and settle in the
tank. In addition, sediment could be present in
the distribution system.

Improve iron and manganese removal. If the
hydropneumatic tank is equipped with a drain, open the
drain valve and discharge the sediment to waste.

Air in the water.

If there is a check valve between the well
pump and the hydropneumatic tank, and air is
present on the well side of the check valve,
then the pump may be breaking suction. In
this case, the water level in well is near or
below the pump intake.

Partially throttle discharge valve. Contact well service
company.
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QOil in the water.

Qil leaking from air compressor.

Check the oil separator on the discharge side to the air
compressor. Notify a water system specialist. Consider
replacing the unit with a non-oil lubricated type unit.

Dirt and or bacteria in the water.

Inadequate disinfection.

Refer to troubleshooting guide on hypochlorinators.

Intake filters on air compressor broken or
dirty.

Replace filter. Also, review troubleshooting guide on
hypochlorinators. Contact water system specialist.

Excessively high distribution system
pressure (greater than 70 psi).

Automatic pressure controls need adjustment
or pump-off sequence won’t function.

Refer to troubleshooting guide for Pumps and Pumping
Facilities.

Excessively low distribution system
pressure - normal working pressure below
40 psi or occasional pressures below 20
psi during peak usage.

Automatic pressure controls need adjustment
or cut-in sequence is not functioning.

Refer to troubleshooting guide for Pumps and Pumping
Facilities.

Corrosion on the outside of the tank.

Inadequate protective coating (paint).

Clean area with a wire brush. Prime and paint the surface.
Do not chip rust from the tank unless it is drained and out of
service. If chipping is required, contact a tank corrosion
specialist. The tank may not be structurally sound and re-
pressurizing could cause further damage or personal injury.
Note: 50 psi exerts a pressure of 3.5 tons per square foot.
Never paint the tank interior without first consulting with our
regional office.

Tank is unstable and easily moved, or
piping is supporting the tank.

Tank supports are inadequate.

Provide suitable, permanent supports so the tank can’t be
moved and piping no longer holds the weight of the tank.
While making these repairs, you may need to take the
system out of service. Never try to move a pressurized
tank. Contact your water system specialist.
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Troubleshooting guide for storage facilities

Loss of disinfectant residual.

Long detention time. Increase in temperature.
Depletion of disinfectant from exposure to
sunlight. Entry of chlorine demanding
contaminants.

Cover reservoir. Reduce detention time with baffles,
recirculation, inlet diffuser, mechanical mixer, pumps.
Relocate inlet/outlet in tank. Size facility for more frequent
turnover. Check screens on vents. Install bird wires and
fences if necessary. Clean and disinfect storage facility.

Increase in heterotrophic plate count.

Loss of chlorine residual or contaminant entry.

Prevent loss of chlorine residual (see above) and re-
chlorinate the storage tank. Check seals on hatches and
screens on vents. Install bird wires and fences if necessary.
Clean and disinfect storage facility.

Coliform bacteria occurrence.

Loss of chlorine residual. Contaminant entry.
Sediment or biofilm build-up

Check seals on hatches and screens on vents. Install bird
wires and fences if necessary. Clean and disinfect storage
facility.

Disinfection byproducts formation.

Long detention time. Increase in pH or
chlorine residual. Boosting chlorine. Organic
matter contamination or algae growth.

Reduce detention time with baffles, recirculation, inlet
diffuser, mechanical mixer, pumps. Relocate inlet/outlet in
tank. Size facility for more frequent turnover. Look at
alternative disinfectants.

Nitrification

Long detention time.

Reduce detention time with baffles, recirculation, inlet
diffuser, mechanical mixer, pumps. Relocate inlet/outlet in
tank. Increase turnover rate or size facility for more frequent
turnover.

Sediment build-up

Excess suspended materials, lime, iron or
manganese in source water. Minimal
velocities allowing depositions. Contaminant
entry.

Improve influent water quality. Reduce detention time with
baffles, recirculation, inlet diffuser, mechanical mixer,
pumps. Avoid scouring. Inspect and clean tank more
frequently.

Floating material or surface film.

Build-up of iron or manganese sediments.
Growth of iron or manganese forming
bacteria.

Improve influent water quality. Avoid scouring. Inspect and
clean tank more frequently.

Taste and odor complaints.

Long detention time. Growth of algae or other
organisms. Contaminant entry. Leaching from
internal coatings or new concrete tank.
Source water potential for taste and odor such
as high levels of hydrogen sulfides.

Cover open reservoirs. Check seals on hatches and
screens on vents. Install bird wires and fences if necessary.
Improve influent water quality. Chlorinate. Flush distribution
system. Clean and disinfect storage tank.
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Growth of algae or other biological
organisms.

Exposure to sunlight. Loss of chlorine
residual. Long detention time. Sediment or
biofilm build-up.

Cover open reservoirs. Check seals on hatches and
screens on vents. Install bird wires and fences if necessary.
Improve influent water quality. Flush distribution system.
Clean and disinfect storage tank.

Contaminant entry.

Uncovered reservoirs or improper design of
floating cover. Damaged or missing screens
on vents and entry of bats, birds, rodents, or
insects. Cross connection at drain or overflow.

Cover open reservoirs. Check seals on hatches and
screens on vents. Install bird wires and fences if necessary.
Flush distribution system. Clean and disinfect storage tank.

Increase in pH.

Long detention time in concrete storage.

Provide coating on concrete walls. Increase turnover rate.
Fluctuate water levels more frequently.

Biodegradation of internal coatings.

Loss of chlorine residual allowing biological
growth. Selection of wrong internal coating.

Prevent loss of chlorine residual. Chlorinate. Clean and
disinfect storage tank.

Biofilm growth. Loss of chlorine residual. Nutrients from
coatings or contaminants. Corrosion of Prevent loss of chlorine residual. Chlorinate. Clean and
surface promoting biological and algae disinfect storage tank. Flush distribution system.
growth. Bacterial seeding.

Color. i i i ' _ _
Decaying vegetatlv_e mater_lal. Algae QTOW”‘ n Improve source water quality. Install treatment for iron and
uncovered reservoirs. Sediment scouring. Iron :

manganese. Increase cleaning frequency.
or manganese.
Red water. Metals uptake from metal surfaces from lack Provide proper corrosion treatment. Install or calibrate

of or improper cathodic protection. Iron or
manganese.

cathodic protection. Use sequestering agent. Apply
coatings properly.

Build-up of iron and manganese.

Iron and manganese in source water and long
detention times. Oxidation and settling of iron
or manganese. Improper sequestering agent

dose.

Improve source water quality. Install or optimize
sequestering system. Increase cleaning frequency.
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Troubleshooting guide for hypochlorination problems

Chemical feed pump won'’t run.

No power.

Check to see if plug is securely in place. Ensure that there
is power to the outlet and control systems.

Electrical problem with signal from well pump
or flow sensor.

Check pump motor starter. Bypass flow sensor to
determine if pump will operate manually. If you have a liquid
level control, check the low-level cut-off switch. Repair or
replace if necessary.

Motor failure.

If the motor is cool and the power is on, you may need to
repair or replace the motor. Check manufacturer’s
information.

Motor overheating.

The motor is over-heated. The overload protection in the
motor has opened. The motor will start again when it cools.
Make sure that you have a proper voltage supply. Try to
turn the motor shatft. If it does not turn, check for a binding
pump mechanism.

Motor runs but diaphragm doesn’t move.

The stroke adjustment may be set at zero.

Reset stroke-adjustment control knob.

The gear train may be stripped.

Replace any defective parts.

Motor runs, diaphragm moves but doesn’t
pump solution.

Solution tank may be empty.

Check the solution level in the tank. If it is too low, refill the
tank.

The pump may not be primed.

If not, prime it.

Suction line may have an air lock.

Check the suction line for air locks. If there is an air lock,
remove the anti-siphon spring from the discharge valve until
the air lock is removed.

The fittings may be loose.

Remove the fittings, clean off the old tape, put on new
Teflon tape, and replace FINGER tight.

Leaks from the pump housing.

If there is solution dripping from the pump housing just
behind the pump head, replace the diaphragm.
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Motor runs, diaphragm moves but pumps
no solution.

Valves and O-rings may be dirty.

Check the valves. Clean them if they are dirty. Replace
damaged O-rings. Be sure to seat them well.

Blocked discharge line.

Check the discharge line for kinks or blockages.

Abnormal noise.

Chlorinator probably damaged.

Check with your service representative. Switch operation to
back up chlorinator.

Motor starts and stops.

The motor may be overheating.

If it is, a thermal protection switch may be causing the start-
stop action. Check with the service representative.

Low chlorine residual at point of entry.

Improper procedure for running chlorine
residual test or expired chemical reagents.

Check expiration date on chemical reagents. Check test
procedure as described in test kit manual. Speed or stroke
setting too low.

Pump not feeding an adequate quantity of
chlorine.

Damaged diaphragm or suction leak.

Change in raw water quality.

Test raw water for constituents that may cause increased
chlorine demand, such as iron and manganese.

Pump air bound.

Check foot valve.

Chlorine supply tank empty.

Fill supply tank.

Reduced effectiveness of chlorine solution.

Check chlorine receipt date. Sodium hypochlorite solution
may lose effectiveness after 30 days. If that’s the case, you
must increase the feed rate to obtain the desired residual.

Damaged suction or discharge lines (cracks
or crimps).

Clean or repair lines with problems.

Connection at point of injection clogged or
leaking.

Flush line and connection with mild acid such as acetic or
muriatic. Replace any damaged parts that may be leaking.

Discharge line is blocked.

Speed and stroke setting inadequate.

Check manufacturer's recommendations for proper settings
to prime pump.

Suction lift too high due to feed pump
relocation.

Check maximum suction lift for pump and relocate as
necessary.
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Discharge pressure too high.

Check well pump discharge pressure. Check pressure
rating on chemical feed pump.

Suction fitting clogged.

Clean or replace screen.

Trapped air in suction line.

Ensure all fittings are tight.

Suction line not submerged in solution.

Add chlorine solution to supply tank.

Loss of prime.

Solution tank empty.

Fill tank.

Air leaks in suction fittings.

Check for cracked fittings.

Foot valve not in vertical position.

Adjust foot valve to proper position.

Air trapped in suction tubing.

Check connections and fittings.

Excessive chlorine residual at point of
entry (POE).

Pump speed or stroke setting too high.

Verify dose rate and calibrate pump to get desired dose.

Siphoning from solution tank.

Ensure the 4-in-1 anti-siphon valve on chemical feed pump
is operating properly.

Low well pump discharge pressure.

Ensure well pump discharge pressure is at least 25 psi.

Failure to pump against pressure.

Worn seal rings.

You may need to replace worn seal rings and cartridge
valves. Use spare parts Kit.

Injection pressure may exceed the pump’s
maximum pressure rating.

Injection pressure cannot exceed the pump’s maximum
pressure. See information plate on pump.

Ruptured diaphragm.

Replace pump diaphragm.

Incorrect stroke length setting.

Check zero on pump and re-zero pump. See
manufacturer’s instructions.

Tubing run on discharge is too long.

Longer tubing runs may create friction loss sufficient to
reduce the pump’s pressure rating. Consult manufacturer
for more information.

Clogged foot valve strainer.

Remove foot-valve strainer when you pump slurries or
when solution particles clog the strainer.
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Troubleshooting guide for distribution systems

Localized accumulations of debris,

37 (VNS CEmIAEIE: solids/particulates in distribution mains.

Collect and preserve samples for analysis if needed. Isolate
affected part of main and flush.

Cross connection between water system and
another system carrying non-potable water.

Collect and preserve samples for analysis if needed.
Conduct survey of system for cross connections. Contact
our regional office.

Red water complaints.

Iron content of water from source is high. Iron
precipitates in mains and accumulates.

Collect and test water samples from water source and
location of complaints for iron. If high at both sites, contact
our regional office, your technical assistance provider,
consulting engineer or water conditioning company for help
with iron removal treatment.

Cast iron, ductile iron, or steel mains are
corroding causing rust in the water.

Collect and analyze samples for iron and corrosion
parameters. Contact our regional office, your technical
assistance provider, consulting engineer or water
conditioning company for help with corrosion control
treatment.

Source of supply, storage or pumping station

No or low water pressure. ;
interrupted.

Check source, storage and pumping stations. Correct or
repair as needed.

System cannot supply demands.

Check to see if demands are unusually high. If so, try to
reduce demand. Contact our regional office, your technical
assistance provider or consulting engineer.

Service line, meter or connections shutoff or
clogged with debris.

Investigate and open or unclog service.

Broken or leaking distribution pipes.

Locate and repair break or leak.

Valve in system closed or broken.

Check and open closed isolation and pressure-reducing
valves. Repair or contact contractor if valves are broken.

Excessive water usage.

More connections added to the system.

Compare increase in usage over time with new connections
added over same period. If correlation evident, take action
to curtail demand or increase capacity if needed. Contact
our regional office, your technical assistance provider, or
consulting engineer.

Excessive leakage (>15% of production) is
occurring, meters are not installed or not
registering properly.

Conduct a water audit to determine the cause. If leakage is
the cause, contact our regional office, your consulting
engineer or leak detection contractor.

lllegal connections made.

Conduct survey to identify connections.
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Hose connected to an unprotected hose bib
with the other end in a bucket or sink of soapy | Equip all hose bibs with an Atmospheric Vacuum Breaker.
water.

Positive coliform. Hose connected to an unprotected hose bib
with the other end lying on the floor of the
pump house, on the ground in the car wash Equip all hose bibs with an Atmospheric Vacuum Breaker.
area, in the wading or swimming pool or other
nonpotable liquid.
Unprotected potable water line feeding a lawn | Install a backflow preventer on the potable water line
irrigation system. feeding the irrigation system.
Submerged inlet, e.g. faucet submerged. Relocate faucet above flood level.
Color in the water (unusual colors such as . Get help. Bring in someone who understands cross

X Backflow from toilet. .
bright blue). connections to evaluate your system.
Handheld pesticide/herbicide applicator
attached to unprotected hose.

Sudsy or soapy water.

Don’t use these devices.

Organic odors.
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Troubleshooting guide for sampling and monitoring

Positive total coliform.

Improper sampling technique.

Check distribution system for low-pressure conditions,
possibly due to line breaks or excessive flows that may
result in a backflow problem.

Contamination entering distribution system.

Ensure all staff receive training on sampling and transport
procedures (described by lab procedures).

Inadequate chlorine residual at the sampling
site.

Check the chlorination system operation. Refer to issues
described in the chapter on pumps and hypochlorination
systems. Ensure sampler performs residual test properly.

Growth of biofilm in the distribution system.

Thoroughly flush affected areas of the distribution system.
Severe cases may require super-chlorination.

Chlorine taste and odor.

High total chlorine residual and low free
chlorine residual.

The free chlorine residual should be at least 85% of the
total chlorine residual. Increase the chlorine dose-rate to
get past the breakpoint to destroy some of the combined
residual that causes taste and odor problems. Additional
system flushing may also be required.

Inability to maintain adequate free chlorine
residual at the furthest points of the
distribution system or at dead end lines.

Inadequate chlorine dose at treatment plant.

Increase chlorine feed rate at point of application.

Problems with chlorine feed equipment.

Check operation of chlorination equipment.

Ineffective distribution system flushing
program.

Review distribution system flushing program and implement
improvements to address areas of inadequate free chlorine
residual.

Growth of biofilm in the distribution system.

Increase flushing in area of biofilm problem.
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= Recommended operation and
\\ 2 Maintenance schedules

Groundwater sources

Pumps and pumping facilities
Pressure tanks

Storage facilities

Chlorine disinfection treatment
Distribution systems

We recommend that you use these O&M schedules as a starting point for developing your own
operation and maintenance program. The operator should document all routine operational
checks and maintenance activities. Be sure to create a logbook for each major system
component. The logbook should document the date and the name of the person performing

each maintenance activity. Including actual dates in the maintenance schedules will help budget
the time spent on maintenance activities.
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Recommended O&M schedule for groundwater sources

Check well house interior and grounds for general cleanliness and condition, and for any threats to water quality.

Check any warning lights or alarms — low water level in the well, intrusion, power outage, pump failure, and so on.
Read source water meter. Record water-production data in well house log.

Read pump run hour meters and record data in well house log (unless automatic data storage is available).
Check pump-cycling rate. If it runs continuously or cycles more than 6 times per hour, see pump troubleshooting.
Check well house buildings for signs of security problems — graffiti, vandalism, doors or locks damaged, entry, etc.

Check wells source site after any adverse weather — high winds, heavy snow, ice, rains, and so on.

Check well water level if source capacity is marginal or there are drought conditions.

Check area for excessive vegetation or dangerous conditions — uncut grass, brush, dead trees, fire hazard, etc.
Check well house control valves for proper positions, open or closed. You should post this information.

Check source control system — pressure switch settings, cycling, pressure tanks, storage tank water levels, etc.
Check well house control valves for damage or leaks.

Check for leaks — read source meter when you expect the water usage to be zero.

Check source pump cycling and pressure switch settings, on/off pressures and line pressures.

Check well site for water ponding, poor drainage areas, excessive vegetation, unhealthy trees, fire hazards, etc.
Check source facilities conditions — corrosion, vent screens, vehicular or other damage, animal activity, etc.
Check cold weather protection — insulation, heating system, alarm system, and so on.

Verify sanitary integrity of the sources — screened vents, no unprotected openings, electrical box sealed, etc.

Evaluate source use designations (permanent, seasonal, emergency, or inactive). See Emergency drinking water
sources (331-317).

Exercise valves and test run emergency source wells to waste. Do not supply distribution system without WQ tests.
Evaluate Emergency Response Plan and update as required.

Review source related customer complaints and evaluate corrective actions and planning.

Implement seasonal start-up or shut-down procedures as outlined in your Seasonal Operations Plan.

Review Wellhead or Watershed Protection Plans and check for new Sanitary Control Area threats.

Review source water quality test results for trends, such as increasing nitrate or seasonal coliform problems.

Measure source pump capacity in gallons per minute (GPM) to detect pump output problems.
Evaluate general source capacity to meet water system demand. Use water use and production records.
Evaluate capacity of source water to provide water of a reliable quantity and quality acceptable to customers.

Consider television inspection of the well interior and the well screens.
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If the source capacity is marginal or drought conditions are present, develop and implement a Conservation Plan.
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Recommended O&M schedule for pumps and pumping facilities

)

Check motor for unusual pump motor conditions, such as:

Unusual pump noises in operation, hum, chattering, clicking, rapid knocking, etc.
Motor fails to start or to come up to speed normally.

Blackened or excessive sparking at commutator or brushes.

Fine dust under couplings with rubber butters or pins.

Smoke or charred insulation.

Excessive vibration.

=A =4 =4 -8 -89

Check any warning lights or alarms for low pressure, pump failure, intrusion, power outage, etc.

Check pump house interior and grounds for general cleanliness and condition

Check pumps for leaks or seepage for pumps that are not water lubricated.

Check pump cycle rate — troubleshoot excessive pump cycling (about 6 cycles per hour).

Verify start and stop pressure settings and operability of water pressure gauges - reference O&M manual.
Check bearing temperatures — if a temperature gauge is available. Take care when checking how hot it may be.
Check pump run hours — if this information is available.

Check condition of the pump house and booster pump stations for damage and deterioration.

Check area around the pump house and booster station for security concerns, vandalism or unauthorized access.

Check oil or grease lubricant reservoirs for proper levels and any leakage or unusual conditions.

Measure the pump capacity, compare with the expected output — from performance records or design parameter.
Perform routine operation of emergency generator (diesel, gas or propane) per manufacturer’s instructions.
Check condition of emergency generator batteries, fuel levels, oil levels, instruments and controls.

Check that existing pressure gauges, pump run meters and flow meters are functioning properly.

Check that pump controls are functioning properly — reference your operations and maintenance (O&M) manual.

Check pump house lighting, ventilation, heating and animal proofing (bats, birds, rodents).

000000 0 OO0 HKO000000 +OO00000000

Evaluate the working condition of all pumps and schedule maintenance, overhaul or replace.

Seasonal water systems: Follow start-up and shut-down procedures. See Start-up and Shut-down Assistance for
Seasonal Noncommunity Water Systems (331-314).

Review your emergency response plans and update as needed. See Emergency Response Planning Guide for
Public Drinking Water Systems (331-211).

Review your O&M manual and update as necessary.

Review the adequacy, reliability and redundancy of the current pumping facilities and plan for improvements.
Review financial capacity to complete expected maintenance or replacement to existing pumping facilities.
Measure source pump capacity in gallons per minute (GPM) to detect pump output problems.

Evaluate the design of existing pump facilities and plan for improvements.

Verify pressure gauges are available to monitor pump capacity. See Water System Desigh Manual ( 331-123).
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Recommended O&M schedule for pressure tanks ‘

Check bladder tanks for waterlogged condition — use manufacturer’s procedures.

Check air-to-water ratios in hydropneumatic tanks by visually checking sight tube.
Check for sediments in hydropneumatic tanks by visually checking sight tube.
Complete security inspection of pump house or well house and surrounding areas.
Check for leaks in pressure tank lines, valves, and connections.

Check water line pressures using pressure gauges installed in the pump house.

Check condition of exterior surface of pressure tanks, note corrosion or damage.
Calculate the number of pump cycles per hour.

Check the functioning of any air compressors used to maintain water levels in pressure tank.

Maintain air compressors on hydropneumatic tanks.
Verify control systems and alarms are functioning properly and settings are proper.

Check ASME pressure relief valve function.

Check pressure tank supports for anchor, structural condition, and seismic integrity.
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Check pressure tanks for rust, corrosion, and damage.
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Recommended O&M schedule for storage facilities ‘

Check any warning lights or alarms — low water level, high water level, intrusion, power outage, and so on.

Check storage tank for signs of security breaches — damaged fences, open gates, graffiti, vandalism, etc.

Check water level indicator — functioning, adequate amount of stored water, excessive water use.

Check the overflow line, vents, ladder access locks, roof access hatches, and controls that are readily visible from
the ground for damage, vandalism, or other conditions.

Check storage tank and site after any adverse weather — high winds, heavy snow, ice, rains, etc.

Check water level indicator.

Verify all openings are protected from surface runoff, windblown contaminants, insects, birds and animals.
Check tank overflow lines for signs of damage, such as, screens, flapper valves, check valves, splash plate , etc.
Check area for excessive vegetation or dangerous conditions — uncut grass, brush, dead trees, fire hazard, etc.
Check control valves for proper positions, open or closed.

Check control valves for damage or leaks.

Check low water temperature alarm — cold weather only.

Check high water temperature limit switch — when heating system in service.

Check water level indicator.

Visually inspect tank exterior and roof for signs of damage, corrosion, degradation, leakage, or structural problems,
with particular focus on all openings into the reservoir (reservoir roof and sidewall vents, access hatch, overflow
outlet, and so on).

Check tank-supporting structure for signs of damage, corrosion, degradation, structural or seismic inadequacy.
Check tank foundation for signs of damage, corrosion, degradation, structural inadequacy.

Tank catwalks/ladders free from signs of damage, corrosion, degradation, structural condition, vandalism, etc.
Tank area for water ponding, poor drainage areas, excessive vegetation, unhealthy tress, fire hazards, etc.
Tank area free from combustible storage, trash, debris, brush, or other material that could present a fire hazard.
Tank area free of accumulation of material on or near parts possibly resulting in accelerated corrosion or rot.
Tank and support free of ice buildup.

Check earth embankments for erosion, burrowing animals, improper drainage and leakage.

Check storage tank structural, seismic and sanitary integrity — leaks, corrosion, cracks, supports, warping, etc.

Inspect storage tank interior for pitting, concrete spalling, rot, corrosion, rust, water level sensors, biofilm build-up
etc.

Exercise valves and make repairs as needed.

Document inspection and maintenance activity as part of an O&M program.

Inventory and evaluate storage facilities capacity, condition, replacement costs and plan for improvements.
Evaluate stored water for clarity, sediments, floating materials or films, unusual odors, insects, birds or animals.

Plan for storage facility improvements and budget for the associated cost.
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Recommended O&M schedule for storage facilities (Cont.)

Tank indicator inspected — every three years for steel storage tanks without corrosion protection.

Respond to any evidence of storage tank problems — see storage tank troubleshooting guide.

OOO0

Tank indicator inspected — every five years for storage tanks other than steel without corrosion protection.

Drain, inspect, clean and disinfect storage tank or use a diving maintenance service without draining tank.
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Recommended O&M schedule for chlorine disinfection treatment

Check for any security issues at the treatment plant and surrounding area - fences, gates, doors, locks, any
evidence of tampering or vandalism.

Check solution level in the tank: Refill if necessary and be sure to replace the cover. We recommend posting
procedure to mix chlorine solution in the treatment building. The solution tank should be visibly marked to make
measuring the number of gallons remaining easy and accurate.

Verify that the supply of sodium hypochlorite is adequate for normal operation — 30 to 60 days.

Check for leaks or excessive chlorine smell. Locate and repair any leaks and improve ventilation, if needed.

Check pump for unusual vibrations or warmth, indicating worn or damaged bearings or gears. Take care; it may be
hot!

Test the free chlorine residual in the distribution system using an EPA approved test kit. Evaluate and log results
into a monthly chlorination residual report form. Are free chlorine levels consistent?

Adjust the pump feed-rate control as needed. Adjust the controls only when the pump is running and never force the
controls. Typically, the feed-rate control should be in the middle of its range. This makes it possible to adjust the
dosage easily. If adjustments to controls no longer meet chlorine demand, you may have to adjust your solution
strength, or possibly get a different size hypochlorinator.

Record results of all tests, chemical use, water production, and maintenance in a daily logbook.
Check records of logbooks for unusual data, trends and other indicators or possible problems.

Keep copy of chlorination treatment system O&M manual in treatment building.
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Calibrate chemical feed pump to verify the performance of the pump output — follow manufacturer’s instructions.

Wash and clean the chlorine solution tank if there is any sediment build-up. Clean the chlorinator, lines and foot
valve as needed - follow manufacturer’s instructions.

Clean the chlorinator and replace the O-rings, valves and worn or damaged parts — use the spare parts kit to make
repairs and follow manufacturer’s instructions. You should have a back-up chemical feed pump to provide
continuous disinfection.
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Recommended O&M schedule for distribution systems

Check any warning lights or annunciators — low water level, high water level, power outage, pump failure, etc.

Investigate any customer complaints related to distribution system — low pressure, water quality problems, taste and
odor, etc.

Check free chlorine residuals in distribution system (if chlorinating) — evaluate high and low levels.
Measure and record water production to monitor water demands and calculate leakage.

Check and log distribution system conditions — storage tank water levels, leaks, vandalism, etc.

Check service pressures throughout distribution systems — investigate the cause of any low pressures.

Read service meters for billing, determining water demand, detecting leaks, monitoring conservation, etc.

Collect routine bacteriological samples and test for total coliform — follow up on unsatisfactory sample results. See
Coliform Public Health Advisory Packet (331-260).

Conduct distribution system maintenance and keep records of all repairs and changes.

Flush the distribution system as necessary based on the potential for sediments such as iron and manganese.

Initiate leak detection as necessary — low pressure complaints, wet or green spots, unaccounted-for-water, etc.

Evaluate condition of the distribution system, including pressure, and flow capacity.
Exercise distribution system valves — record inspections and repairs in logbook.

Do a water audit and calculate unaccounted-for-water by comparing water production and usage — goal of < 10%.

Prepare system for seasonal start up and shut down. See your O&M manual or Start-up and Shut-down
Assistance for Seasonal Noncommunity Water Systems (331-314).

Conduct a preventive maintenance program on service meters — calibration, replacement, etc.

Evaluate safety programs and equipment — traffic safety, trench safety, confined space, ladder safety, etc. State
Labor and Industries or private safety consultants can help here.

Evaluate Emergency Response Plan — loss of water pressure, contamination, cross connections, overfeeds, etc.
Update system map of the distribution system — lines (size, material, age), valves, meters, hydrants, etc.

Evaluate capacity to conduct flushing as needed — training, equipment, availability of hydrants or blowoffs.

Have backflow prevention assemblies tested by certified backflow assembly tester (BAT) — record results and take
corrective maintenance as needed.

Determine daily and monthly peak water-demand periods.

Conduct Cross-Connection Control Program activities according to your program plans.
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Perform flow tests on all fire hydrants at least once every three years — with local fire departments.

Develop an Asset Management Plan to ensure financial capacity to serve safe and reliable water. See EPA’s Asset
management: A handbook for small water systems (816-R-03-016) for guidance.

Develop a Strategic Plan to guide you in planning for important capital improvements, priorities, and resources. See
EPA’s Strategic Planning: A handbook for small water systems (816-R-03-015) or Drinking Water Security for
Small Systems Serving 3,300 or Fewer Persons (817-R-05-001) for guidance.
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Table of responsibilities

Daily responsibilities

Task

Primary

Secondary

SOP
Reference

Primary means the name of the individual primarily responsible for completing this task

Secondary means the name of the individual who will perform this task if the primary individual is

unavailable

SOP Reference means reference section to your standard operating procedure manual for your utility
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Weekly responsibilities

SOP

Task Primary | Secondary Reference

Primary means the name of the individual primarily responsible for completing this task

Secondary means the name of the individual who will perform this task if the primary individual is
unavailable

SOP Reference means reference section to your standard operating procedure manual for your utility
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Monthly responsibilities

Task

Primary

Secondary

SOP
Reference

Primary means the name of the individual primarily responsible for completing this task

Secondary means the name of the individual who will perform this task if the primary individual is

unavailable

SOP Reference means reference section to your standard operating procedure manual for your utility
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Quarterly responsibilities

SOP

Task Primary | Secondary Reference

Primary means the name of the individual primarily responsible for completing this task

Secondary means the name of the individual who will perform this task if the primary individual is
unavailable

SOP Reference means reference section to your standard operating procedure manual for your utility
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Biannual responsibilities

Task

Primary | Secondary

SOP
Reference

Primary means the name of the individual primarily responsible for completing this task

Secondary means the name of the individual who will perform this task if the primary individual is

unavailable

SOP Reference means reference section to your standard operating procedure manual for your utility
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Annual responsibilities

SOP

Task Primary | Secondary Reference

Primary means the name of the individual primarily responsible for completing this task

Secondary means the name of the individual who will perform this task if the primary individual is
unavailable

SOP Reference means reference section to your standard operating procedure manual for your utility
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As-needed responsibilities

Task

Primary | Secondary

SOP
Reference

Primary means the name of the individual primarily responsible for completing this task

Secondary means the name of the individual who will perform this task if the primary individual is

unavailable

SOP Reference means reference section to your standard operating procedure manual for your utility
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